Knowledge of breed effects on carcass and pork quality traits is required to develop commercial crossbreeding programs that emphasize product quality. A 2 x 2 diallel mating system involving Landrace and Duroc pigs was used to estimate individual heterosis, direct breed effects and reciprocal cross differences for postweaning growth, real-time ultrasound, carcass, and pork quality traits. Data from 5,649 pigs and 960 carcasses representing 65 and 49 sires, respectively, were analyzed assuming animal models. Duroc-sired pigs had 2.1 cm shorter carcasses with 7.3 mm less 10th rib backfat (BF), 4.4 cm2 larger longissimus muscle area (LMAI, yielded 2.1 kg more estimated fat standardized lean (FSL), gained 16.5 g more estimated lean per day of age (LDOAI, and had 1 .O% less water (PWAT) and 1.9% more intramuscular fat (IMF1 in the longissimus muscle than did Landrace-sired pigs (P e .011, adjusted to a n off-farm live weight of 111 kg.
Introduction
stated that the swine industry had greatly reduced the total fat in pigs marketed in the United States during the preceding 25 yr, reflecting consumer demands for less fat and leaner meat in their diets (Topel, 1986) .
J. Anim. Sci. 1992 Sci. . 70:2373 Sci. -2386 Consumers eat more meals away from home and purchase more meals that are precooked and(or1 prepared quickly at home (NRC, 19881. Handling and eating quality characteristics of pork are, therefore, likely to become increasingly important economic traits in the future.
Several studies have investigated breed effects on carcass composition in American pig breeds (Lo, 19901. Differences between breed of dam and breed of sire effects for backfat and longissimus muscle area have suggested that maternal effects are important for these traits in swine (Wilken et al., 1992) . Data regarding heterotic effects for pork eating quality traits have not been reported to date. Knowledge of breed effects on growth, carcass, and quality traits is required for the development of commercial crossbreeding programs that emphasize product quality. The objectives of this study were to estimate individual heterosis, breed effects, and reciprocal cross differences for growth, real-time ultrasonically scanned backfat thickness and longissimus muscle area, and for carcass and pork quality traits for Duroc and Landrace pigs.
Experimental Procedure
Popuhtion Structure. The University of Illinois Moorman Swine Research Farm (MSRF) maintained a purebred Landrace herd of approximately 100 sows and six boars from 1978 to 1986. Annual replacement rates were approximately 30% for females and 50% for males and average inbreeding in the herd was 5 % in September 1985 (D. G. McLaren, unpublished data) . Twelve Duroc gilts were purchased each month for 6 mo from two sources starting in July 1986 to establish a Duroc line. Six Duroc boars were obtained from four different breeders in November 1986.
There were several reasons why Duroc pigs were chosen to use with the existing Landrace line for this study. The Duroc breed ranks first or second (with the Yorkshire) for purebred registrations in the United States and has been imported into many European and Asian countries based on its reputation for fast growth and good marbling characteristics (Johnson, 1981;  Steane, 1986;  McLaren et al., 1987;  Jiang et al., 1988) . In addition, there have been a number of reports of significant reciprocal differences for carcass traits in crosses of the Duroc with other American breeds CAlschwede and Robison, 1971 ; Bereskin et al., 1971 ; Young et al., 1976;  Bereskin and Davey, 1978 ; Schneider et al., 1982;  Bereskin, 1983;  Bereskin and Steele, 1986;  McLaren et al., 1987) and investigation of the etiology of such effects (Wilken et al., 1992) was one objective of the breeding program initiated at the MSRF.
Beginning in 1987, Duroc and Landrace lines each of 60 sows and 6 boars were maintained a t the farm with annual replacement rates of 40% on sows and 60% on boars. Gilt replacements were randomly selected on a within-litter basis. Sixteen Duroc and 15 Landrace boars were purchased from different sources to broaden the genetic base of the lines. Semen from five Duroc and three Landrace boars was also purchased and used. Of a total of 65 boars used in the study, 39 (60%) were 3This unit is identical to a Technicare 210 DX. Both machines are manufactured by Aloka, Japan and distributed by Corometrics Medical Systems, Wallingford, CT. purchased and 26 (40%) were farm-raised. The average inbreeding coefficients for pigs produced in this experiment were < 1% for both the Landrace and the Duroc populations.
Experimental Design. A 2 x 2 diallel mating system involving the Duroc and Landrace pigs begun in February 1987 was completed with matings made in August 1989. The MSRF maintained five sow farrowing groups, each of approximately 12 Duroc and 12 Landrace sows, during the 3-yr period of the experiment. The target was six litters of each of the four genotypes (purebred Duroc, purebred Landrace, and each reciprocal cross) farrowed each month and sired by six Duroc and six Landrace boars, each boar produced one purebred and one crossbred litter each month.
Management and Data Collection. Litters farrowed each month from June 1987 to December 1989 in confinement buildings with totally slatted floors, and all male pigs were castrated within 24 h of birth. A 22% CP creep feed was provided ad libitum between 3 and 7 wk of age. Pigs were weaned at 32 d (SD = 3 dl of age and were moved to a totally slatted-floor, environmentally regulated nursery. While in the nursery, the crude protein level of the pigs' diet was gradually reduced from 22 to 20% (7 to 9 wk) to 18% (9 to 12 wk).
Pigs remained in the nursery for approximately 7 wk and then were randomly grouped in pens of 8 to 10 pigs in a n enclosed growing-finishing barn with either a fully or partially slatted floor. Pigs remained in the growing-finishing barn from 12 wk of age to market weight. Pigs were weighed on-test after a 7-d adjustment period at 39.5 kg (SD = 9.2 kg) and off-test at 103.6 kg (SD = 8.2 kgl. The target end point was 104.4 kg live weight. Pigs were weighed and individuals were removed from test each week. A 16% CP corn-soybean meal diet and water were available ad libitum through the growing-finishing period.
Age, days on-test, and ultrasonically scanned backfat thickness and longissimus muscle area were recorded when pigs were weighed off-test. Ultrasound images were recorded at the last rib using a Johnson and Johnson Ultrasound 2 lODX real-time scanner fitted with a 3.0-MHz probe3 (Johnson & Johnson Ultrasound, Englewood, CO1. Images were recorded on videotape and traced later from a monitor screen by a single technician. Tracings were measured by the same technician using a ruler and polar planimeter.
Between one and six (mean = 2.26) barrows were randomly selected from each litter for carcass evaluation. After removal from the growth performance test, barrows were transported either to the University of Illinois meat science laboratory or to Germantown, IL for slaughter. Live weight was recorded immediately before leaving the farm on the day before slaughter a t 110.9 kg (SD = 8.9 kg) and hot carcass weight was taken after slaughter and evisceration. Carcass backfat thickness a t the first rib, last rib, last lumbar vertebra, and 10th rib, longissimus muscle area measured a t the 10th rib using the plastic grid method described by Boggs and Merkel(19841, and subjective scores of color, firmness, marbling in the longissimus muscle and ham muscle mass (on three-point integer scales), and length were evaluated 24 h postmortem on the right side of each carcass. Fat-standardized lean yield and lean gain per day of age were estimated as functions of carcass weight, 10th rib backfat thickness, longissimus muscle area, and age using equations described by Grisdale et al. (1984) .
A 25-cm center section of each loin was removed (from the cut surface of the 10th rib to approximately the third lumbar vertebra) and boned after carcass evaluation. The boneless center sections were individually vacuum-packed and frozen in a -30' C blast freezer for later analysis. Longissimus muscle samples were evaluated a t the University of Illinois meat science laboratory for pork quality traits.
Ultimate muscle pH value was recorded 24 h postmortem using a glass electrode after homogenization of a 5-g sample of longissimus muscle ground with 25 mL of distilled water. Samples were thawed (24 h) at 5°C and cooked on a Farberware Electric Open Hearth Broiler (Model No. 455 N. Subs., W. Kidde Co., Bronx, NY) to a n internal temperature of 70" C. The internal temperature was monitored using copper constantan thermocouples attached to a CR5 Digital Temperature Recorder (Campbell Scientific, Logan, UT). Samples were cooled to 20°C before coring. Cores (1.27 cm diameter) were removed parallel to the muscle fibers. An Instron Universal Testing Machine (Model No. 1122, Instron Co., Canton, MA) fitted with a 500-kg load cell and a WarnerBratzler shear device was used to shear the samples. The average value of five cores was recorded for statistical analysis. The percentage of cooking loss was determined by weighing the same five samples before and after cooking.
The percentage of water was measured by drying two 5-g homogenized muscle samples for 24 h at 100" C in a draft-air oven. Intramuscular fat content was determined on the duplicate dry samples by repetitive chloroform-methanol (87:13 vol/vol) extraction over a n 8-h period (Novakofski et al., 1989) . The filter press method developed by Grau and Hamm (1957) Pork chops were cooked to a n internal temperature of 70' C as previously described and uniformly cubed (1 cm x 1 cm x 1 cm) for sensory evaluation with a sensory panel consisting of six trained panelists. Panelists had previous sensory panel experience and were familiar with the procedures. Samples were served warm to panelists seated in individual booths illuminated with red lights and water was provided for rinsing between samples. Palatability traits (juiciness, tenderness, pork flavor intensity, off-flavor intensity, and overall acceptability) were evaluated using a 15-cm unstructured line scale anchored on the ends and center (0 = extremely dry, tough, bland, strong, or the least acceptable and 15 = extremely juicy, tender, intense, none, or the most acceptable). The scores of different panelists were averaged for statistical analysis.
The number of animals and data structure are shown in Table 1 . Because six purebred litters of each breed were needed to supply replacement gilts and the Landrace sows were difficult to detect in estrus and had poor conception rates, the number of Duroc-sired F1 crossbred pigs was lower than the number of pigs in other breeding groups (Table 1) .
Statistical Analysis. All traits were initially analyzed using the GLM procedure of SAS (1985) assuming fixed models with all possible first-order interactions. Models for final analyses were obtained after eliminating interactions that were not statistically important (P > .201. Inspection of levels of significance and ranking of subclass means suggested that the interactions with breed group were not of practical importance and did not contraindicate testing of hypotheses concerning breed group main effects.
Final models assumed for ADG 111, off-test age, scanned backfat thickness and longissimus muscle area [21, Farrowing groups were defined as 3-1320 periods (June to August, September to November, etc.) within each year except for the last group (September to December, 1989) . Farrowings occurred every month for 31 mo, but in some months no carcass data were obtained. Smaller groupings of farrowing dates would have resulted in cells with missing carcass data.
The two extremes of low pork quality, PSE and DFD meat, are related to animal stress associated with environmental factors such as preslaughter handling and slaughter methods (Eikelenboom, 1988) . Slaughter date was, therefore, included as a fixed effect in analysis of pork quality traits.
On-test weight was included as a covariable in the model for ADG because the objective was to compare growth rate for a fixed weight interval ke., between 40 and 104 kg). All pigs did not go ontest at the same weight or come off-test at the same weight; hence, both on-and off-test weight were included as covariables in 111.
Variance components were estimated from the data by REML . Best linear unbiased estimates (BLUE) of estimable functions of fixed effects were obtained from Henderson's (19731 mixed-model equations (MME) assuming REML estimates of variance components to be the GROWTH, CARCASS, AND &AGE = days to 103.6 kg BW; ADG = average daily gain from 39.5 to 103.0 kg BW, grams; USBF = real-time ultrasonic backfat thickness at the last rib at 103.6 kg BW, millimeters; and USLMA = real-time ultrasonic longissimus area a t the last rib at 103.6 kg BW, square centimeters. bCoefficient of variation = 100 x SD/mean. true variances. Tests of hypotheses involving fixed effects were carried out using the t-test.
Breed differences for direct and reciprocal cross differences and heterosis were estimated assuming the following genetic model: P = gl, gp, and gM = h:
an unknown fixed constant; direct, paternal, and maternal breed effects, respectively, and individual heterosis, h: i = hii,
Means. Pigs average 853 g/d ADG (from 39.5 to 103.6 kg BW) and 162 d a t 103.6 kg ( Table 2) . Growth rates were high compared with performance guidelines published for the U.S. swine industry, with < 182 d of age at 104 kg considered "excellent" (Mayrose et al., 1985) .
Pigs in the present study would be categorized as "average" for backfat thickness and longissimus muscle area using the guidelines of Mayrose et al. (19851, with mean 10th rib backfat thickness of 29 mm and longissimus muscle area of 34.8 cm2 ( Table 3) . Means of backfat thickness and longissimus muscle are from real-time ultrasonic scans at the last rib of live barrows and gilts (Table 2) were less than carcass measurements a t the 10th rib taken on barrows (Table 3) .
Longissimus muscle quality scores for color, firmness, and marbling averaged 1.92, 1.90, and 1.88, respectively, on a three-point scale (Table 3) . DeVol et al. (1988) reported average scores of 3.14, 2.92, and 2.89 (evaluated using a 1 to 5 scale with 1 = pale, watery, and devoid of marbling and 5 = dark, firm, and abundant marbling) for these three traits, respectively. Transformed to a threespoint scale, these are 1.88, 1.75, and 1.73, respectively. DeVol et al. (1988) randomly sampled 120 pork carcasses and found a mean 3.18% fat content in the longissimus muscle. Summarizing from various European studies, Sellier (1988) found a n overall average of 2.33% intramuscular fat content for Duroc and Landrace pigs. The average loin chop water content of 72.8% was similar to means of 72.5% reported by Wismer-Pedersen (19781 and 74.9% reported by DeVol et al. (19881. Muscle pH should decrease to a n ultimate level of 5.4 to 5.7 by 24 h postmortem (Honikel, 1987) . Muscles with a high ultimate pH ( > 6.01 appear much darker. In this study, 7% (55 of 792 carcasses) of pigs had muscle pH values > 6.0 at 24 h postmortem. The average value of 5.6 for longissimus muscle pH in the present samples was the same as that reported by Langlois and Minvielle (19891 for three-way crossbred pigs (Duroc, Landrace, and Yorkshire) and to that reported by Sellier (19881 for Large White pigs.
Variances. As measured by the CV, the least variable trait was longissimus muscle water content (3.4%) and the most variable was intramuscu- (Tables 2 and 31 . Bereskin and Davey (1978) reported 2.1, 11.4, and 8.7% CV for carcass length, average backfat thickness, and longissimus muscle area, respectively, compared with values of 3.5, 13.8, and 13.2% found in the present study (Table 3) . t .oooo .0094** f .OOOO &HCWT = hot carcass weight, kilograms; LENG = carcass length, centimeters; BFLR, BFTR = backfat at the last and the loth rib, millimeters; AVBF = average of first rib, last rib, and last lumbar vertebra backfat measurements, millimeters; LMA = longissimus muscle area at the 10th rib, square centimeters; FSL = estimated weight of fat standardized lean (adjusted to a 10% lipid content), kilograms; LDOA = estimated fat standardized lean per day of age, grams/day; and COLOR, FIRMness and MARBling scores on a 1 to 3 integer scale with 1 representing pale/soft/no marbling and 3 representing darkhery firm/ excess marbling; MS = ham muscling score on a 1 to 3 integer scale with 1 representing light, 2 average and 3 very heavy muscling. **P < .01. ***P < ,001.
GROWTH, CARCASS, AND Water-holding capacity (measured as free water content) and shear force value were fairly variable (CV = 33.6 and 29.8%, respectively), as were most meat taste panel scores [juiciness, 22.5%; tenderness, 23.6%; pork flavor, 14.4%; overall acceptability, 20.3%, Table 4 ). DeVol et al. (1988) reported 24.5, 19 .1, 28.1, and 10.4% CV for shear force value, juiciness, tenderness, and flavor desirability, respectively. Hines et al. (1980) reported significant variation between pigs in tenderness, juiciness, and shear value, but not in flavor. Off-flavor intensity (i.e., boar taint) was the least variable eating quality trait (6.5% CV).
Covariables. Off-test weight affected growth rate, scanned backfat thickness, and scanned longis-QUALITY TRAITS IN PIGS 2379 simus muscle area (P < .001, Table 51 . The influences of on-and off-test weight on these traits have been reported previously by numerous researchers. Pre-shrunk slaughter weight (off-farm weight) was, in general, highly significant for carcass traits (P < .001, Table 6 ). An increase of 1 kg in off-farm weight resulted in .6 kg heavier carcasses that were 1.8 mm longer with .2 mm more backfat and .1 cm2 larger longissimus muscle area, yielded .3 kg more fat standardized lean, gained 1.5 g more lean per day of age, and had a greater ham muscling score (Table 6 ). Regression coefficients of shear force value (-15 g), pork tenderness (.02), and overall acceptability (.02l on slaughter weight also differed from zero (P < .05, Table 7 ).
Direct Genetic Effects. Breed group generalized least squares means for postweaning growth rate and real-time scanned backfat thickness and longissimus muscle area are presented in Table 8 .
No differences in direct genetic effects were detected for growth rate from 39.5 to 103.6 kg BW ( Table 9) . Duroc-sired pigs, however, had 2.8 mm less scanned backfat thickness and 2.3 cm2 larger scanned longissimus muscle area at 103.6 kg BW than did Landrace-sired pigs (P < .05, Table 9 ).
Breed group generalized least squares carcass trait means of the 960 carcasses evaluated are given in Table 10 . A large number of differences in direct genetic effects were detected between the two breeds (Table 11) . Duroc-sired pigs had 2.1 cm shorter carcasses with 7.3 mm less 10th rib carcass backfat and 4.4 cm2 larger longissimus muscle area, produced 2.1 kg more fat standardized lean, and gained 16.5 g more lean per day than did Landrace-sired pigs (P < .01). These differences are in agreement with those reported by Johnson (1980, 19811, Wheat et al. (19811, and McLaren et al. (1987) for Duroc and American Landrace pigs.
Direct genetic effects for subjective longissimus muscle quality scores did not, however, differ for the two breeds (P r . l o , Table 111 , probably in agh -g; = direct effect difference, Duroc -Landrace; Recip. cross diff. = g : -g y + 8 -g i ; h' = individual heterosis; and h', YO = individual heterosis as a percentage of the purebred mean. bAGE = days to 103.6 kg BW; ADG = average daily gain from 39.5 to 103.6 kg BW, grams; USBF = real-time ultrasonic backfat thickness at the last rib a t 103.6 kg BW, millimeters; and USLMA = real-time ultrasonic longissimus area at the last rib at 103.6 kg BW, square centimeters. *P .05. **P < .01. ***P < .001.
large part a reflection of the three-point integer scale used. In contrast, several authors have reported greater marbling on a sevenpoint integer scale (Young et al., 1976; McLaren et al., 1987) in the longissimus muscle of Duroc pigs than in other American swine breeds. Breed group generalized least squares means for pork quality traits are presented in Table 12 . The Duroc direct effect was for longissimus muscles that contained 1 .O% less water and 1.9% more intramuscular fat than the Landrace direct effect (P < .01, Table 13 ).
The present findings that Duroc-sired pigs had less backfat thickness, larger longissimus muscle area, and more intramuscular fat in the longissimus muscle (Tables 11 and 13 ) than Landracesired pigs are consistent with results of other studies. Sigvardsson (19831, for example, found that Duroc-sired pigs had a higher lean weight and a higher level of intramuscular fat than did Swedish Landrace-sired pigs. McGloughlin et al. (1988) evaluated the Duroc breed as a terminal sire and reported that Duroc crosses had significantly less backfat but higher intramuscular fat content (2.9%) than Irish Landrace x Large White crosses (2.0%). In a comparison of purebred Landrace, Large White, and Duroc gilts in New Zealand, Smith and Pearson (1986) found that Duroc had the least subcutaneous and kidney fat and the *HCWT = hot carcass weight, kilograms; LENG = carcass length, centimeters; BFLR, BFTR = backfat at the last and the loth rib, millimeters; AVBF = average of first rib, last rib, and last lumbar vertebra backfat measurements, millimeters; LMA = longissimus muscle area at the 10th rib, square centimeters; FSL = estimated weight of fat standardized lean (adjusted to a 10% lipid content), kilograms; LDOA = estimated fat standardized lean per day of age, gramslday; COLOR, FIRMness, and MARBling scores on a 1 to 3 integer scale with 1 representing pale/soft/no marbling and 3 representing darklvery firm/excess marbling; MS = ham muscling score on a 1 to most lean and tended to have more intramuscular that Duroc pigs generally showed a markedly fat. Barton-Gade (1988) reported that intramuscu-higher intramuscular fat content than Large lar fat contents of 3.21, 1.58, 1.59, and 1.86% for White or Landrace pigs (+2% on average). Duroc, Landrace, Large White, and Hampshire A number of studies, although confirming the breed pigs, respectively. Sellier (1988) concluded higher intramuscular fat content of the Duroc +P < .lo. **P < . 01 breed, have been contradictory with respect to the effect of this breed on eating quality traits. Danish researchers found that the Duroc had higher levels of intramuscular fat than other breeds and also had associated positive effects on meat flavor, tenderness, and juiciness (Barton-Gade and Bejerholm, 1985; Bejerholm and Barton-Gade, 19861. Ellis et al. (1990) also reported improvements in juiciness and overall acceptability associated with higher intramuscular fat content. Edwards et al. (19881, however, detected no significant breed effects for any eating quality trait, although the proportion of intramuscular fat in loin chops was greater for Duroc-than for British Large Whitesired pigs. Wood et al. (19871 and Cameron et al. (1990) reported that pork from Duroc pigs was more juicy but less tender than pork from British Landrace pigs. McGloughlin et al. (19881 found that Duroc-cross pigs were superior to Irish Large White and Landrace pigs for pork flavor and flavor intensity (P e .05) but not significantly different for juiciness, tenderness, or overall acceptability.
The various inconsistent results for eating quality of pork from Duroc pigs may be explained in large part by the range of intramuscular fat levels in the different studies. The range in intramuscular fat contents was greater in the Danish than in the British studies. Intramuscular fat in the present study had a n average level of 3.8%, much greater than in breeds used in the above studies. A level of 2.5 to 3.0% intramuscular fat has been considered optimum for eating quality (Bejerholm and Barton-Gade, 1986) . At lower levels, deterioration of eating quality traits was observed, whereas with high levels there was no improvement in the overall evaluation of the meat quality. The four genetic types in the present study were equally acceptable to the taste panel (although they would not be equally acceptable to consumers trying to reduce their fat intake). There was, therefore, no significant improvement in eating quality from using the Duroc as a terminal sire compared with the American Landrace.
There were no significant differences between Duroc and Landrace pigs for most of the objective measurements of loin muscle quality (i.e., muscle pH, cooking loss, shear value, and water-holding capacity, Table 131 . Based on 306 pigs sired by Hampshire, Duroc, Landrace, and Yorkshire boars, Langlois and Minvielle (1989) found no difference between paternal lines for the pH value of ham or longissimus muscles. Similarly, Schworer et al. (1980) did not detect a difference in muscle pH between Swiss Landrace and Large White pigs. The quality of Landrace pig meat depends greatly on the incidence of halothane sensitivity in the population involved, which may vary from 5 to 50% (Sellier, 19881 . The quality of meat in a Landrace population comprising 5 to 10% of halothane reactors is similar to that of the Duroc.
Pigs were classified as PSE or DFD based on color and firmness scores (PSE = 1, 1; DFD = 3, 3). Only one carcass was classified as DFD in this study. Of the 246 Duroc, 218 Landrace, 194 Duroc-sired F1, and 302 Landrace-sired F1 carcasses evaluated, 6, 21, 19, and 23 (2.4, 9.6, 9.8, and 7.6%) were classified as PSE, respectively. The stress gene was likely present in both the Duroc and the Landrace lines used in this study, therefore.
Reciprocal Cross Differences. No differences were detected between reciprocal crosses for on-test growth rate or for age a t 103.6 kg. Crossbred pigs with Duroc sires, however, had 1.9 mm less scanned backfat and 3.5 cm2 greater scanned longissimus muscle area than did F1 pigs with Landrace sires (P e .001, Table 9 ). Reciprocal cross differences were also detected for 10th rib backfat thickness, longissimus muscle area, estimated fat standardized lean yield, and lean gained per day (P e .01, Table 11 ). Duroc-sired F1 barrows had 6.3 mm less backfat a t the 10th rib, 5.9 cm2 larger longissimus muscle area, yielded 3.2 kg more estimated lean, and gained 22.3 g more estimated lean per day than did reciprocal cross barrows. No differences were detected for carcass length or last rib backfat thickness (P > .lo). These results indicate the advantage of using the Duroc as the sire breed in this cross and are consistent with other research findings (Young et al., 1976; Bereskin and Davey, 1978; Bereskin and Steele, 1986; McLaren et al., 19871. Reciprocal cross differences were also detected for subjective scores of firmness, marbling, and ham muscling (P c .05, Table 11 ). Duroc sires produced carcasses with longissimus muscles that were less firm, had less marbling, and had heavier ham muscling than did carcasses from Landrace dams. There were no significant reciprocal-cross differences for any of the eating or other pork quality traits studied (P > . l o , Table 13 ).
Reciprocal cross differences reflect differences in maternal and paternal effect [71. Maternal effects represent any effects of the dam's phenotype on the phenotype of her offspring (Willham, 1972) . Such effects may be exerted at fertilization (e.g., cytoplasmic mitochondrial DNA inheritance) or result from the uterine and(or1 postuterine environments provided by the dam (Hohenboken, 1985) . Fertilization effects include cytoplasmic, Xlinked, and genomic imprinting effects. Uterine effects might result from differences in nutrient supply, available uterine space, and endocrine factors. Transfer of passive immunity via the colostrum, milk production, and mothering ability in general represent postnatal environmental effects of the dam's phenotype on her offspring. Paternal effects might be Y-linked or the result of genomic imprinting. Ahlschwede and Robison (1971) reported that such effects accounted for approximately 11 YO of the variation in backfat thickness in swine.
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Bereskin et al. (1971) and Young et al. (1976) detected significant reciprocal cross differences for various carcass traits. Robison (1972) concluded that reciprocal-cross differences were important for most traits in swine, including carcass backfat, and pointed out that a negative correlation seemed to exist between direct and maternal effects. A consistent, opposite sign for direct vs reciprocal cross differences for carcass traits was found in the present study (Table 11) . This is at least partly due to a negative sampling correlation of approximately -.7. An overestimate of reciprocal effects will result in a n underestimate of direct effects and vice versa. Reciprocal-cross differences for carcass composition seem to be important in pigs, at least in crosses involving the Duroc breed. The mechanism by which such effects operate, however, is not clear. One hypothesis was that prenatal influences on fetuses might result in development differences that carried over to slaughter (Bereskin and Davey, 1978) . Wilken et al. (1992) partitioned fertilization effects @re-implantation) from postfertilization effects (implantation through weaning) for growth and carcass traits in F1 Duroc and Landrace pigs using embryo transfer. They detected reciprocal-cross differences for longissimus muscle area and backfat thickness for DurocLandrace barrows and demonstrated that these differences were associated with events taking place at fertilization. Such differences were not detected in gilts, however, suggesting that Ylinked genes might by responsible. Reciprocalcross barrows from Duroc sires in the present study had larger longissimus muscle area and less loth rib backfat than did Landrace-sired barrows. It seems evident that the breed of sire has a n influence on the carcass composition of the offspring (i.e., they exhibit a paternal effect, the crossbreds perform more like the breed of their sire than their dam).
Although carcass data were not available on gilts in this study, growth rate and real-time scanned backfat and longissimus muscle area were measured on barrows and gilts. No breed group x sex interaction was detected in preliminary fixed analyses (P > .20) and this interaction was not, therefore, included in Models [11 and [21. Additional analyses of these data were, however, computed including breed group x sex interaction in the models to test the null hypothesis that the reciprocal cross x sex interaction was zero. In general, similar reciprocal cross differences were detected for barrows and gilts (observed significance levels for the interaction were .04 for ADG, . I 5 for age at 104 kg, .23 for real-time scanned backfat thickness, and .15 for real-time scanned longissimus muscle area).
Heterosis Estimates. Heterosis was estimated as the average performance of reciprocal crosses minus the average performance of the purebreds 181. Crosses showed heterosis for all the postweaning performance trait studied ( P c .01, Table 9 Heterosis for growth rate was thus only approximately one-half of that typically found in other studies. Mean growth rate was also higher in the Illinois population than reported for previous studies, probably reflecting relatively favorable environmental conditions, particularly diet. Lerner's (1954) concept of genetic homeostasis (i.e., that heterozygotes are less influenced by environmental effects than are homozygotes) suggests a mechanism for heterosis x environment interaction that has been demonstrated experimentally to exist in a number of species (Barlow, 1981) . In pigs, different degrees of individual heterosis for postweaning ADG have been reported for ad libitum consumption vs limit feeding (Gregory and Dickerson, 1952; Skarman, 1965) and for different health status classifications (Kennedy and Quinton, 1987) . The low estimates of heterosis for growth rate associated the high mean performance in the present study may reflect such heterosis x environmental interactions.
Least squares means presented by McLaren et al. (1987) indicated a .84 mm (3.2%) heterosis for amplitude mode scanned average backfat thickness, in contrast to the .62 mm (2.47%) estimate for real-time scanned backfat at the last rib in the present study ( Table 9 ). There are no previous reports with which to compare the .62 cm2 (1.9%) heterosis estimates for real-time scanned longissimus muscle area.
Crossbred pigs exhibited positive heterosis for carcass weight adjusted for slaughter weight (2.7 kg, 3.4%), for estimated fat standardized lean yield (1.5 kg, 7.2%), and for estimated lean gained per day of age (14.7 g, 5.7%, P c .05, Table 11 ). Fat standardized lean yield and lean gained per day are functions of hot carcass weight, 10th rib backfat thickness, longissimus muscle area, and age of slaughter and thus reflect heterosis for component traits. Purebred pigs had, on average, paler color scores than crossbred pigs (.07, 3.6%; P c .05, Table 11 ). The average heterosis effect in various crosses among American breeds is zero or slightly negative in marbling score (Young et al., 1976; Schneider et al., 1982; McLaren et al., 1987 Heterotic effects were detected for intramuscular fat content; loin chops from crossbred pigs had .5% (13.2%) less intramuscular fat content than did loin chops from purebred pigs ( P c .05, Table  131 . Heterosis was not important for eating quality of the longissimus muscle in crosses between the two breeds, however (P > .lo). Sellier (1988) indicated that heterosis for technological quality of pork does not exist in most breed crosses. Estimates of heterotic effects for pork eating quality traits have not been reported to date. Sellier (1 988) expected that the differences in eating quality among crosses may be due to differences in intramuscular fat content. Although the crossbred shows a negative heterosis effect on the amount of intramuscular fat, the present study did not detect a deterioration in pork eating quality.
Implications
Estimates of direct genetic effects demonstrated advantages of the Duroc over the Landrace breed for backfat thickness, longissimus muscle area, fat standardized lean yield, and lean per day of age. Reciprocal cross differences of similar magnitude to direct genetic effects but opposite sign were detected for these traits, indicating the advantage of using the Duroc as a terminal sire. Duroc pigs had 5.0% intramuscular fat vs 2.8% for Landrace pigs; however, no breed effects were detected for eating quality traits. Crossbred pigs grew faster than purebreds with greater fat standardized lean and lean per day of age. Unfavorable heterosis was detected for pork color and intramuscular fat content but there were no significant effects on eating quality. Crossbreeding can be used to improve lean growth without decreasing pork eating quality.
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